Brain cortical activation analysis is important for understanding the causes of neurological disorders and relevant brain mechanisms. Over the past decades, various studies have been published on the brain functional activities and cortical activation analysis using functional near-infrared spectroscopy (fNIRS). The fNIRS yields outputs similar to the blood-oxygen-level-dependent (BOLD) signals of the functional magnetic resonance imaging (fMRI) and has an advantage that can measure higher temporal resolution than fMRI. In this paper, we developed a MATLAB toolbox, referred to as ActiView, for analyzing the cortical activation on realtime. Although the existence of numerous analysis toolboxes for fNIRS, most of these are not easy to use because they involve numerous steps, coefficients, anatomic information, 3-dimensions coordinator, and related files. Given that ActiView consists of a simple and intuitive graphical user interface (GUI), users can lightly analyze the brain cortical activation by using fNIRS signals. To investigate the developed toolbox, the hand clenching task experiment-extensively used in brain functional activity studies-was applied. The experimental results elicited the realtime brain cortical activation results compare to the offline brain cortical activity that was analyzed using NIRS SPM-one of the most extensively used NIRS analysis toolboxes.
INTRODUCTION
Functional near-infrared spectroscopy (fNIRS) is a noninvasive method used to measure hemodynamic brain signals based on the absorption of near-infrared light with wavelengths in the range of 650 nm to 950 nm transmitted through the intact skull [1] . Recently, the various fNIRS systems have been used to observe regional cerebral blood flow variations and estimates oxyhemoglobin (HbO) and deoxyhemoglobin (HbR) [2] . The hemodynamic signals that obtain by using fNIRS are highly correlated to the blood-oxygenation-level-dependent (BOLD) signal outputs in functional magnetic resonance imaging (fMRI) [3] . Although fNIRS has poor spatial resolution and limits the penetration depth within brain tissue, it has some advantages such as low cost, portability, and the potential of extending the research to various ecological environments compared to the other neuroimaging modalities [4, 5] .
Over the past decades, many research groups have conducted extensive studies in the field of diffuse optic tomography (DOT) by using fNIRS, and developed statistical analyses toolboxes to enhance the fNIRS signal quality based on the general linear models (GLM) [6] [7] [8] [9] [10] [11] [12] [13] [14] . GLM is one of the most extensively used models that represent data in a linear combination form, and constitutes a standard method for analyzing the fMRI data. Many statistical analysis toolboxes have been developed for fNIRS based on the GLM [15] [16] [17] [18] [19] [20] . The most popular tools currently available for f-NIRS analyses are HomER [21] and NIRS-SPM [16] . HomER (available at http://www.nmr.mgh.harvard.edu/ PMI/) calculates individual hemodynamic responses using ordinary least-squares linear deconvolution, while NIRS-SPM (available at http://bisp.kaist. ac.kr/NIRS-SPM) applies the SPM method that is one of the standard activation monitoring tools for Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. fMRI and NIRS data. However, these analyses tools cannot estimate realtime functional activities and it is not easy to use for an unskilled person because they need a lot of steps, settings, and various types of information files. Therefore, the research interests of fNIRS need to migrate for new immediate analyzing tools for monitoring realtime brain activity that is important to achieve a better understanding of brain functions and medical approaches.
The main contribution of the present paper is an introduction of a new realtime cortical activation analysis toolbox in MATLAB for fNIRS referred to as ActiView that has an interactive graphical user interface. ActiView allows functions not only analyzing hemodynamic time-series data of fNIRS but also representing functional activities. Given that ActiView provides a threedimensional standard head model, and the realtime cortical brain activities of f-NIRS can be clearly identified without any anatomical information and MATLAB scripts. The remainder of this study introduces implemented functions of ActiView and representative experimental examples of the ActiView toolbox.
THEORY AND METHODS 2.1 The Measurement Model for fNIRS
The analyses of functional hemodynamic data, such as fNIRS and fMRI, have generally been based on the assumption of linearity of hemodynamic changes [22] . The modified Beer-Lambert law (MBLL) [2] describes the optical attenuation in scattering media, such as human tissues and brain. Accordingly, the optical density variation of the HbO and HbR concentration changes can be described using the MBLL [16] . The GLM has been established as a standard analysis model for hemodynamic data. The corresponding GLM can be transferred to the interpolated measured chromophore concentration changes of HbO and HbR (Δ cHbO and Δ cHbR ). The HbO and HbR signals (yHbO and yHbR) are described by the following matrix formulation [23] :
where ϵ HbO (r,t) and ϵ HbR (r,t) are additive zero mean Gaussian noise signals of the fNIRS channels. Let y denote the time series of the hemodynamic signal, and ε be the error vector at location r and time t. The errors (ε) can occur during signal acquisitions from the hair, skull, and pores, and they generally have highfrequency components. The corresponding GLM model is represented in a matrix form as follows:
The elements of y are the sampled NIRS signal data corresponding to β represents the unknown strengths of the response. X is a design matrix that predicts the measured fNIRS signal [23] .
The Cortical Brain Activities
To evaluate the cortical brain activities, the contrast-to-noise ratio (CNR), which evaluates the fNIRS signal quality by considering the statistical difference between the rest and the task block, has been widely applied [24] . However, it is impossible to make a block design for realtime monitoring system. In this toolbox, the baseline signal is used for contrast signal. The modified CNR is computed as follows:
where mean is the mean value and var is the variation of the relevant part.
ActiView: A New Realtime Cortical Acvivity Analysis Toolbox
ActiView requires a MATLAB (MathWorks, Natick, MA, USA) environment, and it provides the MATLAB graphic user interface (GUI) that allow users to intuitively analyze the cortical activities at realtime environments. The toolbox is optimized for the MATLAB R2015b and the Nvidia GeForce graphics card series. Figure 1 shows the overall procedure of the ActiView toolbox. ActiView provides a standard head and cortex model and can also support the functionality of loading individual head and cortex models. Then, the channel set of the loaded fNIRS data is represented on the head model. The Analytic indexes of the cortical activation are chosen at Figure 1 (a) such as CNR, t-value, or brain network flow. The channel set must be synchronized with the information of the loaded fNIRS channel and the channel set can easily add, save, and load data using the button (b) on ActiView GUI. The baseline fNIRS data is loaded by using the button (c) and then, the folder path that is the measuring fNIRS is chosen by using (d) on GUI. The realtime fNIRS data is achieved by using lab streaming layer (LSL) library on semi-real time. 
EXPERIMENT AND RESULTS

Experiment for Brain Activities
In order to describe the function of the ActiView toolbox, the experimental task paradigm was chosen the finger tapping task combined with one minute of a baseline fNIRS data and finger tapping task. Seven subjects (24.1±5.64 years, five males, two females, and right-handed) were recruited. All subjects were healthy with no brain injury, neurologic or psychiatric disease profiles. Informed consent was obtained from all subjects. fNIRS data acquisition was performed with an fNIRS brain imaging system (NIRsPORT 8-8, NIRx Medizintechnik GmbH, Berlin, Germany). This instrument emitted LED light with wavelengths in the range of 760 and 850 nm with eight near infrared (NIR) light sources, eight NIR detectors, and 20 fNIRS channels. The arrangements of the fNIRS channels and optodes are shown in Figure 2 . 
Experimental Results
To evaluate the performance of the proposed toolbox, the conventional brain activity mapping technique is adopted with the use of the NIRS-SPM software (http://bisp.kaist.ac.kr/NIRS-SPM) [16] to compare to ActiView in MATLAB. Since NIRS-SPM cannot work at the realtime environment, a block design was used that the fNIRS signal of the subjects were measured where three activation trials were alternated, while repetitive finger tapping was performed simultaneously with the use of both hands, during a 20 s period and 20 s period rest block. The brain activity images from all the subjects were entered into a group analysis with onesample t-test to confirm the statistical significant cortical activation area of the motor task (p<0.05) for NIRS-SPM. And to estimate the hemodynamic response signals (HbO and HbR), two wavelengths (760 nm and 850 nm) of LED light were used for this experiment, and the differential path length factors (DPFs) were set to 6.297 for the wavelength of 760 nm, and 5.234 for the wavelength of 850 nm, as recommended from the user manual of NIRsPORT. The brain activation results of the finger tapping task are shown in Figure 3 . As it can be observed in Figure 3 , (a) shows the result of the tasks conducted with both hands indicating activities in M1 on both hemispheres. Figure3 (b) also shows the cortical activation in M1 on both hemispheres at realtime.
DISCUSSION
Functional brain activity analysis on realtime environments has played an important role in recent fNIRS studies. Heretofore, most of the fNIRS studies focused on the static hemodynamic activation elicited owing to the vasodilation in offline environments. Given that fNIRS signals contain numerous artefacts, such as baseline drifts, measured noise, equipment noise, motion artefacts, etc., it is very hard to exactly estimate a correct hemodynamic dataset. Therefore, the research focus needs to shift toward the description of how different brain areas interact with one another to understand the functional organization of the cortical activity in real time.
We have developed a new MATLAB toolbox, referred to as ActiView that can be used to analyze functional cortical activities for fNIRS on realtime. It is easy, and simple to use for viewing on head model and functional cortical activities without anatomical information, such as 3D MRI images and MNI coordinates. To demonstrate the performance of ActiView, the well-known fingertapping task experiment was conducted, and the brain activation function was mapped. Accordingly, the cortical brain activity results were represented pictorially. Although the result of ActiView is estimated on realtime environments, the results showed the well-known role of the hand movements on opposite sides of the two cerebral hemispheres at both of NIRS-SPM and ActiView.
Therefore, ActiView is a very powerful toolbox that can be used to estimate realtime functional cortical activity, and it can help identify other information in semi-real time, which cannot be detected using conventional brain activation analyses.
CONCLUSIONS
In the present study, ActiView was used to estimate its strengths and to validate its performance for brain functional activation analysis on realtime. We demonstrated the necessity and performance of ActiView with the use of the basic experimental paradigm of fNIRS. Given that the technique of the realtime brain signal analysis can be used for the understanding of neuroscience and neurological clinical studies, ActiView has tremendous potential for use in brain cortical signal research of fNIRS.
ActiView can be used for free from the website or email. The toolbox can be used for research and educational purposes. We invite users to provide feedback for improving ActiView on the website. We hope that our toolbox can contribute to the popularization of brain activity analyses of cortical function in the field of fNIRS research.
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